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E f f e c t s  of  Aerodynamic Nonl inear i t ies :  

The s tudy of t h e  e f f e c t s  of nonl inear  aerodynamic loading on t h e  s t a b i l i t y  
of a two-dimensional panel on hinged supports  has  been descr ibed through 
1 September 1969 i n  Ref. 1. The bas i c  idea  has been t o  look f o r  any 
changes brought about i n  t h e  l i n e a r  s t a b i l i t y  boundary as a r e s u l t  of  an 
i n i t i a l  d i s turbance  of cons tan t  energy. 
between t h e  l i n e a r  and nonl inear  s t a b i l i t y  boundaries i n  t h e  
f o r  a cons tan t  dimensionless i n i t i a l  energy of  1750. This energy i s  
roughly comparable t o  t o t a l  pane lene rg ie s  t h a t  are found f o r  f l u t t e r  m+- 
t i o n  near  t h e  l i n e a r  s t a b i l i t y  boundary. The f i r s t  two i n i t i a l  modal 
amplitudes were assumed t o  be equal and of oppos i te  s ign,  and t h e  remain- 
ing  modal amplitudes and t i m e  d e r i v a t i v e s  w e r e  assumed t o  be zero ,  
i n  Fig. 1 t h a t  t h e  g r e a t e s t  percentage reduct ion  i n  the  c r i t i ca l  va lue  
of h i s  found f o r  zero o r  s l i g h t l y  negat ive ( t e n s i l e )  va lues  of 
It can be shown t h a t  t h e  key parameter governing t h i s  behavior i s  t h e  r a t i o  
of two o t h e r  parameters - Mh/a , governing t h e  nonl inear  aerodynamic e f f e c t s  
and t h e  square root  of  Q , t h e  in-plane r e s t r a i n t  parameter. Parametric 
s t u d i e s  are now under  way t o  determine t h e  changes i n  t h e  s t a b i l i t y  bound- 
ary of  F ig ,  1 due t o  changes i n  t h e  l e v e l  of  t h e  i n i t i a l  energy, i n  t h e  
nodal content  of  t h e  i n i t i a l  energy, i n  t e aerodynamic damping 

Figure 1 presents  a comparison 
h - N  plane 
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p/M , 
and i n  t h e  i n t e r a c t i o n  parameter Mh/a(a) P . 
Resul ts  obtained t o  d a t e  are being presented as p a r t  of  a paper (Ref. 2) 
t o  be given a t  t h e  AIAA/ASME S t ruc tu res ,  S t r u c t u r a l  Dynamics, and Materials 
Conference i n  Denver on 22 Apr i l .  

Unsteady Boundary-Layer Ef fec t s :  

The r e s u l t s  of  t h e  f i r s t  y e a r ' s  s tudy on t h i s  aspec t  of t h e  p r o j e c t  have 
been descr ibed i n  d e t a i l  i n  a repor t  prepared during t h i s  t i m e  per iod 
(Ref. 1 ) .  A general  formulat ion of  t h e  problem w a s  attempted i n  which t h e  
boundary l a y e r  ad jacent  t o  a n  o s c i l l a t i n g  panel and the  ex te rna l  i n v i s c i d  
flow a r e  t o  be determined simultaneously.  The sur face  p re s su re  obtained 
from such an analysis '  would i n d i c a t e  t h e  f a c t  t h a t  the  viscous and inv i sc id  
flows are allowed t o  i n t e r a c t ,  This  d i f f e r s  from the  assumptions of c l a s -  
s i c a l  boundary l a y e r  theory where t h e  pressure  i s  assumed t o  be a p r i o r i  



known from the inviscid flow calculations. This intended formulation has 
been successfully realized by previous authors for steady flow, an example 
being the recent paper by Klineberg and Lees (Ref. 2); however, for the 
case of unsteady flow, a simultaneous formulation of the unsteady bound- 
ary layer and the external inviscid flow has not been successfully posed. 
A s  a result of these difficulties, an alternate formulation has been 
attempted along more classical lines. 
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The alternate formulation follows the basic idea of classical boundary 
layer theory with some modifications due to the fact that the flow is un- 
steady. The boundary layer is analyzed by the method of integral equations 
using as an input the known inviscid solution for the flow past the oscil- 
lating panel. The integral analysis is designed to yield the unsteady 
displacement thickness as the significant parameter in estimating viscous 
effects. The next step in this scheme is to compute an inviscid flow past 
an unsteady displacement surface whose position is known once the details 
of the unsteady boundary layer are known. 
to the steady incompressible flow past a wavy wall. Currently the method 
is being applied to the incompressible flow past a flat plate oscillating 
perpendicular to its own plane for the purpose of gaining some familiarity 
with an unsteady flow. The next example to be analyzed will be the incom- 
pressible flow past an oscillating panel, and ultimately the compressible 
flow past an oscillating panel will be studied. 

This method has been applied 
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Figure 1. Comparison between stability boundaries obtained with 
linear or nonlinear aerodynamic loading. Ordinate is 
dimensionless dynamic pressure, abscissa is dimension- 
less applied in-plane load. 
Mh/n=O.O5 , h=O. 1 , initial e n c r g y  = .1.750. 

Six assumed modes, p/M=O.Ol, 


